Objective This study of drivers in Tokyo was conducted to clarify the factors related to falling asleep and sleepiness while driving, particularly addressing short sleep duration, loud snoring or apnea witnessed by others and/or subjective sleep insufficiency. Methods This study was conducted as a questionnaire-based cross-sectional survey. Responses from drivers who visited a driver licensing center in Tokyo were evaluated in relation to socio-demographic variables, sleep-related variables and experiences of falling asleep or feeling sleepiness while driving. The analyses included 4,097 experienced drivers. Results Among the 4,097 drivers, 11.4% had experienced at least one incident of falling asleep while driving during the prior year and 67.6% had some prior experience of feeling sleepiness while driving. Logistic regression analyses revealed that witnessed snoring or apnea, short sleep duration and subjective insufficiency of nocturnal sleep were each independently associated with falling asleep and feeling sleepiness while driving. Subjective sleepiness while driving was associated with a sleep duration of less than six hours. However, falling asleep while driving was associated with a sleep duration of less than seven hours. Conclusion Drivers with a sleep duration shorter than seven hours have a higher risk of falling asleep while driving without experiencing subjective sleepiness. Irrespective of perceived sleep insufficiency, drivers should sleep more than seven hours, and those suspected of having respiratory pauses during sleep should undergo sleep apnea syndrome screening.
Introduction
Previous reports have indicated that a short sleep duration, snoring and feeling sleepiness while driving are risk factors for motor vehicle crashes (MVCs), not only in Western countries (1) (2) (3) (4) (5) (6) (7) (8) (9) , but also in Asian countries (10) (11) (12) (13) (14) . Recently, we reported questionnaire-based evidence that feeling sleepiness while driving is associated with MVCs that are subjectively assessed as not caused by falling asleep (12) . Drivers should therefore take measures to prevent the occurrence of sleepiness while driving in order to reduce the risk of MVCs. Although the factors associated with falling sleep and feeling sleepiness have been investigated extensively in Western countries (15, 16) , the effects of racial differences in sleep duration (17, 18) and the development of sleep apnea syndrome (19, 20) on driving risk have not yet been elucidated. The inadequacy of information about Asian populations regarding this important subject encourages us to investigate whether sleep duration and snoring are associated with falling asleep or feeling sleepiness while driving. Although factors associated with falling asleep and feeling Usually (n=71) 50.7% (36) sleepiness while driving have been studied among professional drivers (21) and patients with sleep apnea syndrome (11, 22) 
Materials and Methods

Participants
This survey was administered as part of a drivers' sleep health study undertaken in Tokyo, Japan (12, 24) . A paperbased self-administered questionnaire created by the authors was distributed to drivers who came to one of the 17 driver's licensing centers in Tokyo between October 1 and October 17, 2008. The drivers visited the center to either renew their license or to acquire a new license. Responses to the questionnaires were collected from 8,314 drivers. In order to investigate the factors affecting falling asleep and feeling sleepiness while driving among experienced drivers, the following drivers were excluded: newly licensed drivers (n=1,569) and those with an unknown license possession period (n=705), as well as drivers with an annual driving distance of 0 km (n=382) or unknown (n=1,561). Consequently, 4,097 drivers (78.7% men, 42.5±13.4 years old) were included in further analyses.
Measures
The questionnaire assessed socio-demographic variables and sleep-related variables, including items related to the experience of falling asleep or feeling sleepiness while driving. The socio-demographic variables included sex, age, height, weight, most commonly used vehicle (four-wheeled, twowheeled or both), driving as a profession, engagement in shift-work, length of driving license possession (new license holder, three years -<10 years, 10 years -<20 years, 20 years -<30 years and ! 30 years) and estimated annual driving distance. The items of sleep-related variables included selfreported usual sleep duration on weekdays (<6 hours, 6 hours -<7 hours, 7 hours -<8 hours, 8 hours -<9 hours and ! 9 hours), loud snoring or respiratory pauses witnessed by others and subjective insufficiency of nocturnal sleep (no, yes and unknown). The drivers were asked to report the number of times they had experienced falling asleep while driving during the prior year (none, one time, two times and three times or more). They were also asked to report their subjectively assessed current frequency of feeling sleepiness while driving (never, occasionally, often and usually).
Statistical analysis
The proportions of positive experiences of falling asleep while driving among drivers with respective frequencies of feeling sleepiness while driving were compared using the chi-square test. For the logistic regression analyses, the participants were classified into the following age categories, similar to those used in a previous study (8) (25) . The length of time spent driving per year was used as a continuous variable with 1,000 km steps. We conducted logistic regression analyses to examine the factors associated with drivers who had one or more experiences of falling asleep while driving, as well as the factors associated with drivers who occasionally, often or usually felt sleepiness while driving. In these analyses, all variables were examined initially in univariate models. Then, multivariate logistic regression analyses were performed for all variables showing a significant correlation in the univariate models to control for confounding factors and to determine the main correlates. Statistical tests of the regression estimating odds ratios (ORs) were made based on Wald statistics. The odds ratios and their 95% confidence intervals (CIs) were presented to show associations. All analyses were performed using a software program (SPSS, V11.5; SPSS Inc., Chicago, IL, USA). A p value of less than 0.05 was considered to indicate statistical significance. Table 1 presents the reported frequencies of falling asleep and the experience of feeling sleepiness while driving. Among the included cases, 3,250 drivers responded to questions regarding any experience of falling asleep. Among these drivers, 370 (11.4%) reported that they had experienced falling asleep at least one time while driving during the prior year. In addition, 4,033 drivers responded to the question regarding experiences of feeling sleepiness while driving. Among these drivers, 2,725 (67.6%) reported experiences of feeling sleepiness while driving. Drivers with higher frequencies of feeling sleepiness while driving were more likely to have had one or more experiences of falling asleep while driving (χ 2 =349.7, p<0.001). However, 1.5% of the drivers experienced falling asleep while driving without feeling sleepiness. Table 2 presents the logistic regression results for the factors associated with falling asleep while driving. As described above, univariate logistic regression analyses were performed for all variables. The results showed significantly increased odds ratios among several factors, including a male gender, high BMI, use of both two-and four-wheeled vehicles, driving as a profession, being a shift-worker, longer self-reported annual driving distances, usual sleep durations of less than seven hours, loud snoring or apnea and subjective insufficient sleep. However, the drivers who used two-wheeled vehicles exclusively exhibited a lower odds ratio than those in the reference category (drivers who used four-wheeled vehicles exclusively). All variables found to be significant in the univariate models were examined using a multivariate model to control for confounding factors and to determine the main correlates. The results revealed significant associations between the experience of falling asleep while driving and increased odds ratios in the variables of male gender, driving as a profession, longer distance of annual driving, usual sleep duration of less than seven hours, loud snoring or apnea and subjective insufficiency of nocturnal sleep. A significantly decreased odds ratio was also found among drivers using two-wheeled vehicles exclusively.
Results
Frequency of falling asleep and feeling sleepiness while driving
Factors associated with falling asleep while driving
Factors associated with sleepiness while driving
The logistic regression results for the factors associated with sleepiness while driving are shown in Table 3 . Using univariate logistic regression analyses, significantly increased the odds ratios for the experience of sleepiness while driving were found for a male gender, high BMI, use of vehicles of both types, driving as a profession, long license possession period, longer self-reported annual driving distances, usual sleep duration of less than six hours, loud snoring or apnea and positive or unknown existence of subjective insufficient sleep. Decreased odds ratios were found for age ! 66 years, use of only two-wheeled vehicles and a sleep duration of eight to nine hours. The subsequent multivariate model showed that factors associated with sleepiness while driving with increased odds ratios included male gender, driving as a profession, drivers with a 20-year or longer license possession period, long annual driving distance, usual sleep duration of less than six hours, loud snoring or apnea and positive or unknown existence of subjective insufficient sleep. Decreased odds ratios were found for the variables of age ! 66 years, use of two-wheeled vehicles exclusively and a sleep duration of eight to nine hours.
Discussion
The aim of this study was to identify the factors associated with falling asleep or feeling sleepiness while driving among Japanese drivers, particularly addressing loud snoring or apnea witnessed by others, short sleep duration and subjective sleep insufficiency. The results demonstrated that loud snoring or apnea, short sleep duration and subjective sleep insufficiency are independently associated with both falling asleep and feeling sleepiness while driving. As described above, racial differences have been reported in sleep duration and the risk of developing sleep apnea syndrome (17) (18) (19) (20) . Nevertheless, the present study revealed that, for the studied drivers, falling asleep and feeling sleepiness while driving were associated with both loud snoring or apnea and short sleep duration, similar to results found in Western countries (1) (2) (3) (4) (5) 9) . Feeling subjective sleepiness while driving is coincident with deteriorated performance in driving simulator tasks and real driving situations (26) (27) (28) . Moreover, the existence of subjective sleepiness clearly raises the risk of MVCs (6-8, 12 ). Consequently, in order to avoid MVCs, drivers in Asian countries should manage their loud snoring or apnea and short sleep durations, as revealed by earlier studies conducted in Western countries (1-9, 15, 16 ).
This study revealed that loud snoring or apnea witnessed by others is associated with falling sleep and feeling subjective sleepiness while driving. This result is consistent with those obtained in an earlier study of drivers in Western countries (29) . Sleep apnea syndrome has also been shown to be a risk factor for falling asleep while driving in Asian populations (11, 22) . Komada et al. (11) reported that approximately 58% of patients with sleep apnea syndrome had experienced falling asleep while driving during the previous year, which is clearly higher than the rate among the Japanese general population (approximately 8%). Considering that habitual snoring is an important indicator of sleep apnea syndrome, even in Asian populations (30, 31) , there seems to be little doubt that a large number of drivers with witnessed loud snoring or apnea in the present general population are affected by sleep apnea syndrome. Therefore, screening for sleep apnea syndrome is probably necessary in order to reduce the occurrence of falling asleep or feeling sleepiness while driving among drivers with loud snoring or apnea, even among the Japanese general population.
This study demonstrated that a sleep duration of less than seven hours is associated with an increased risk of falling asleep while driving. This result is consistent with those of a study that found an increased risk of MVCs in drivers reporting less than seven hours of sleep per night (2) . Consequently, we infer that drivers generally need to sleep more than seven hours to be assured of maintaining vigilance while driving (32) . In this study, feeling sleepiness while driving was associated with a sleep duration of less than six hours, which was one hour shorter than that of falling asleep while driving. This discrepancy is explainable: subjective sleepiness during chronic sleep restriction is frequently underestimated (33, 34) and is not always perceived correctly by drivers before falling asleep (35) (36) (37) . Furthermore, the present study showed that 1.5% of drivers who have fallen asleep while driving have never experienced feeling sleepiness while driving. Considering these facts, drivers with a short sleep duration of less than seven hours might have a risk of falling asleep while driving, despite feeling no sleepiness. In order to avoid sleepiness and thereby avoid MVCs, ensuring a nocturnal sleep duration of more than seven hours among drivers is desirable.
It is noteworthy that loud snoring or apnea and a short sleep duration are associated with falling asleep and feeling sleepiness while driving independent of subjective insufficiency of sleep. This finding correlates with the findings of a study that demonstrated that snoring, short sleep duration and subjective insufficient sleep are independently associated with excessive daytime sleepiness among the Japanese general population (38) . Patients with sleep apnea syndrome (39) and those who are chronically sleep deprived (33, 34) frequently fail to perceive their sleepiness correctly. One possible explanation for the independence of subjective insufficiency of sleep from witnessed snoring or apnea and short sleep duration is that some drivers with a short sleep duration or snoring who answer subjectively that they have no sleep insufficiency might overestimate their sleep quantity and quality as adequate. Consequently, our study suggests that drivers should assess their snoring and apnea and sleep longer than seven hours, irrespective of the existence of subjective sleep insufficiency, in order to prevent falling asleep and feeling sleepiness while driving.
This study demonstrated that male drivers are more likely to fall asleep and feel sleepiness while driving than female drivers, which is a finding that is consistent with epidemiological studies of sleepiness while driving (15, 40) and the presence of excessive daytime sleepiness among the Japanese general population (38) . Given that male drivers have a higher risk of sleepiness-related accidents (7, 10) , vulnerability to sleepiness and falling asleep while driving may be a cause of this type of accident.
This study revealed that professional drivers are more likely to feel sleepiness and fall asleep while driving, as shown in previous studies (3, 41) . Although further research is needed, common situations such as long working hours (41, 42) or taking fewer countermeasures to prevent sleepiness (24) may contribute to the occurrence of sleepiness and falling asleep while driving.
This study also showed that increased annual driving distances are associated with both sleepiness and falling asleep while driving. It is plausible that drivers who drive longer annual driving distances are more apt to drive long distances during each driving session, leading to increased fatigue and/or sleepiness. This idea is supported by several studies. A driving simulator study showed that long spells of simulated driving are likely to result in higher subjective sleepiness in the experiment participants (26, 43) . In addition, long spells of driving are associated with single car accidents and rear-end collisions that are frequently caused by elevated sleepiness and/or fatigue (10) . Therefore, the results of our study support the idea that drivers should take countermeasures to prevent sleepiness during long distance driving (10) .
Our results demonstrated that drivers who use only twowheeled vehicles are more unlikely to feel sleepiness or fall asleep while driving than drivers who use only four-wheeled vehicles. There are several possibilities for this phenomenon. The first is that the increased complexity of driving twowheeled vehicles, including the need to maintain balance, may prolong the drivers' vigilance. This possibility is supported by the results of previous studies in which vigilance was preserved when performing more complex tasks such as driving two-wheeled vehicles compared performing to simple tasks (44, 45) . The second possibility is that, unlike the drivers of four-wheeled vehicles, the drivers of two-wheeled vehicles are directly exposed to environmental noise, vibrations and other sensations resulting from interaction with the road and driving manipulations. These situational stimuli may encourage the drivers of two-wheeled vehicles to maintain vigilance. This assumption is supported by evidence that performance during vigilance tasks is higher with background noise than in quiet conditions (46) . This study has some limitations. First, recall bias might exist among the participants because the data were collected retrospectively based on self-reports. Second, our study might be affected by sampling bias because the data were obtained from drivers who had visited a license center in Tokyo. Third, it is unclear whether the participants of this study are representative of all Japanese drivers. Fourth, our study did not clarify any detailed causal relationships between falling asleep or sleepiness while driving with the associated factors because the study was designed as a crosssectional survey.
Conclusion
The results of this study revealed that loud snoring or apnea witnessed by others, short sleep duration on weekdays and subjective insufficiency of nocturnal sleep are each independently associated with falling asleep and feeling sleepiness while driving. To prevent these unfavorable phenomena, drivers must obtain an adequate sleep length of more than seven hours, irrespective of subjective sleep insufficiency. Additionally, if respiratory pauses during sleep or loud snoring are witnessed by others, drivers should undergo screening for sleep apnea syndrome.
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